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PURPOSE: To obtain a new p-boronophenylalamine derivative 
exhibiting a far higher water solubility value than that of p- 
boronophenylalanine used for the treatment of carcinoma 
cutaneum, having high selectivity against cancer cells, and useful 
for neutron-catching therapeutic method. 

CONSTITUTION: The p-boronophenylalanine derivative of formula 
T. The derivative is obtained by treating a compound of formula II 
(Cbz is carbobenzyloxy), which is obtained by protecting the amino 
group of p-borbndphenylalanine with a carbobenzyloxy group, with 
N-rn^thyldiethan6lamine to protect the boron part, reacting the 
product with ethanolamine, and subsequently subjecting the 
obtained compound of formula III to a carbobehzyloxy-removing 
reaction. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"IThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The following type (1) 
[Formula 1] 

-B(0H) 2 

(1) 



p~BORONO phenylalanine derivative come out of and expressed. 

[Claim 2] The following formula which protected the amino group of p-BORONO phenylalanine by the 
KARUBO benzyloxy radical (2) 
[Formula 2] 

-B(0H) 2 . 





(2) 

Cbz-HN^ ^COiH 

( — Cbz expresses a KARUBO benzyloxy radical among a formula.) — - N-methyldiethanolamine is made to 
act, a boron part is protected and ethanolamine is reacted further — making — the following formula (4) 
[Formula 3] 

'B(OH), 



Cbz^HN 




(4) 



( — Cbz Expresses a KARUBO benzyloxy radical among a formula.) - — the manufacture approach of p- 
BORONO phenylalanine derivative expressed with the formula (1) of claim 1 characterized by obtaining and 
making the compound of the obtained formula (4) deKARUBO benzyloxy. 
[Claim 3] The followinjg type (4) 
[Formula 4] 

'B(OH), 



Cbz-HN 




(4) 



1 iP-OH 



( — Cbz expresses a KARUBO benzyloxy radical among a formula.) — compound expressed. 
[Claim 4] The following type (5) 
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B(0H)i 



2/2 ^— v 




(5) 



p-BORONO phenylalanine derivative come out of and expressed. 

[Claim 5] The following formula which protected the amino group of p-BORONO phenylalanine by the 
KARUBO benzyloxy radical (2) 
[Formula 6] 

-B(0H) 2 



Cbz-HN* 




(2) 



(— Cbz expresses a KARUBO benzyloxy radical among a formula.) — — N-methyldiethanolamine is acted 
making — a boron part — protecting — further — the 2 -amino — f and a .3-4>is(1 f 3-dibenzyK2- 
GURISEROKISHI) propane are reacted — making — the following formula (7) 
[Formula 7] 

-B(0H) 2 



Cbz-HN 




iBn 
iBn 
IBn 
Bn 



(7) 



(— Cbz expresses a KARUBO benzyloxy radical among a formula, and Bn expresses benzyl.) the 
manufacture approach of p-BORONO phenylalanine derivative expressed with the formula (5) of claim 4 by 
obtaining and debenzylating the compound of the obtained formula (7). 
[Claim 6] The following type (7) 
[Formula 8] 

-B(0H) 2 



Cbz-HN 




(7) 



(— Cbz expresses a KARUBO benzyloxy radical among a formula, and Bn expresses benzyl.) 
expressed. 



compound 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] . 

[Industrial Application] This invention relates to the intermediate-field compound of the hew BPA 
derivative which has improved the water solubility of p-BORONO phenylalanine (it abbreviates to BPA 
hereafter) used for the black skin carcinoma therapy, its manufacture approach, and this derivative 
[0002] 

[Description of the Prior Art] In recent years, organic boron chemistry is developed in a new form for the 
purpose of the cancer treatment by neutron capture therapy. Neutron capture therapy (NCT) makes a 
cancer cell incorporate boron 10 isotope alternatively, irradiates a low energy neutron, and carries but 
fatality of the cancer by the nuclear reaction which occurs by intracellular 

[0003] As an organic boron compound used for such a purpose, BPA is especially used with the clinical 
level for the black carcinoma-cutaneum therapy (Y. Mori, ASuzuki, KYoshino, and H.Kakihana, Pigment Cell 
Res., 2,273 (1989)). BPA is a kind of the phenylalanine incorporated strongly [ in a cell ] because of 
generation of melanin, or thyrosins. However, the solubility of BPA to water is low, therefore it is usually 
used as the hydrochloride or an alkalis-metal salt. Moreover, recently, the monosaccharide complex of BPA 
is used for the water-soluble improvement However, in intracellular, the BPA itself will be easily 
dissociated from a complex for the unstable chemical interaction between BPA and monosaccharide. It 
asks for development of current and the water-soluble BPA analog which can be used for the above- 
mentioned application. 
[0004] 

[Problem(s) to be Solved by the Invention] The BPA analog proposed by ****** as which this invention 
persons have proposed the BPA analog by which water solubility has been improved by Japanese Patent 
Application No. No. 221048 [ five to ] previously is a new BPA analog by which the water solubility which 
can be replaced with the conventional BPA analog has been improved. The purpose of this invention is to 
offer the new BPA derivative with which the water solubility beyond said BPA analog and EQCj or it has 
been improved. 
[0005] 

[Means for Solving the Problem] As a result of examining the above-mentioned technical problem 
wholeheartedly in order to solve a technical problem, this invention persons got the following new 
molecular entity, and reached this invention. 

[0006] namely, this invention - — the following type (1) — or (5) — 

[0007] 

[Formula 9] 

B(0H) 2 

(1) 




[0008] 
[Formula 10] 
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It comes out and the new BPA derivative expressed is offered. 

[0009] The BPA derivative of a formula (1) is compounded according to the following reaction schemes 

[0010] 

[Formula 11] 

Chz-Cl 



BPA 




B(0H), 
GHaN(CH 2 CH 2 0B) 2 



(2) 



Cbz-HN- 




^OzH-CBsN (GHzCHjOH) 2 
(3) 



H1NCH1CH2OH 




(1) 



[0011] That is, the amino group of (**)-BPA of a raw material is protected by the KARUBO benzyloxy 
(Cbz) radical, and the compound of a formula (2) is obtained. Next, the formula (3) which protected the 
boron part of a compound (2) by N-methyldiethanolamine is obtained, and the compound of the formula (4) 
made into the purpose is obtained by making it react with ethanolamine by in situ. A compound (1 ) is 
obtained by the conversion to a compound (1) from a compound (4) processing the KARUBO benzylqxy 
section of a compound (4) under existence of hydroxylation palladium, once making it into the hydrochloride 
of a compound (1), and refining this using ion exchange resin and high speed liquid chromatography (HPLC). 

[0012] The BPA derivative of a formula (5) is compounded according to the following reaction schemes 
[0013] '■*•• 
[Formula 12] 
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(7) 

[0014] Namely, the formula (3) which protected the boron part of said compound (2) obtained similarly by 
N-methyldiethanolamine is obtained By in situ, the 2-amino -1, a 3-bis(1, 3-dibenzyl-2-GURISEROKISHI) 
propane (formula (6)), The compound of the formula (7) made into the purpose is obtained by making it 
react with 1 -hydroxy benzotriazol (HOPt) and a 1 -ethyl-3-<3-dimethylaminppropyl) carbodiimide (EDO). A 
compound (5) is obtained by the conversion to a compound (5) from a compound (7) processing and 
debenzylating the benzyl section of a compound (7) under existence of hydroxylation palladium, once 
making it into the hydrochloride of a compound (5), and refining this using ion exchange resin and high 
speed liquid chromatography (HPLC). 

[0015] In this invention, BPA used as a raw material is compoundable by J.Am.Chem.Soc. by H.R.Snyder 
and others, and the approach indicated by 80,835 (1958). [0016] 
[Example] Hereafter, an example explains this invention concretely. 

[0017] The mixture: of the compound (2.56 1 g, 7.46mmbl) of 1 N-methyldiethanolamine (1.9ml, 16.55mmol) of 
examples and a formula (2) was stirred for 10 minutes at the room temperature among the DMF solution 
(10ml). Ethahplamine (0.50g, 8.28mmol), N-hydroxy benzotriazol (1.701 g, 1 1.1,1 mmotX and EDC (1.782g, 
9.30mmol) were added in this mixture, and it stirred at the room temperature for 20 hours. Mixture was 
discharged in 3 N^HCI (75ml) solution after reaction termination, and ethyl acetate extracted the product 3 
times. After salt water washed the doubled organic phase, it dried by MgS04 aihd vacuum concentration of 
the solvent was carried out. The short silica gel column chromatography which used chloroform/methanol 
(5Q/1) as a developing solution refined the obtained rough product, and the specified substance (4) was 
obtained as a white solid-state, / 
[0018] It stirred at the room temperature under the hydrogen air current for 1 hour under existence of Pd 
(GH)2-C (2 50g) which made the solution which dissolved the compound (4) obtained in the example 2 
example 1 into ethanol 100ml and a HCI water solution (12 Ns, 0.34ml, 4.08mmol) suspend, after reaction 
termination and a law — the specified substance was obtained by the method. The obtained rough product 
was refined by HPLG ("Shim-pack'' (a trade name, Shlmadzu make), PREP-ODS, 20.0mmx25cm, 5ml/min., 
a methariol/water = it develops by one ninth), and specified substance (1)i.088g (2.09mmol) was obtained 
as a white solid-state. Yield was 28%. 

[0019] As for the obtained compound, it was checked by IR, 1 H-NMR, 13 C-NMR, and elemental analysis 
that it is the structure of a formula (1). Below, the data of IR 1 H^NMR, 13 C-NMR, and ultimate analysis 
are shown. 

[0020] IR(KBr): 3355, 2400, 165Q, 1 560, 1430, 1385, 1350 and 1055, 670pm- 1 1 H-NMR(D20):delta7.62 (d, 
d= 7 4Hz, 2H, -B-C(CHCH) 2C-), ,7.18 (d, J= 7.4Hz, 2H, -B-C(CHCH) 2C-), 3,65 (dd, J= 7.2, 6.9Hz, 1H, D2 
N-CH-COND-), 3.45 (dt, J= 11.5, 5.9Hz, 1H, and -COND-CH2-), 3.37 (dt, J= 11.5, 5.9Hz, 1H, and -COND- 
CH2-), 3.15 (t, J= 5.9Hz, 2H, and -CH2-OD), 2.93 (dd, J= 13.8, 6.9Hz, 1H, and ^BC6H4-CH2-), 2.87 (dd J= 
13.8. 7.2Hz, 1H, and -BG6H4-CH2-) 

13C-NMR(D20):delta — 175.4,138.5,133.5,128.7, 59.7, 55.9 • and 41. — 0 and 40.0 



http://wwvy4.ipdl.ncipi.go jp/cgi-bin/trah.web.cgLeije 



18/06/20 



JP,08-325271,A [DETAILED DESCRIPTION] 4/ 6 

Ttmftm (CnH 17 04N, - 10 B (H 2 0) ,d. 29 ) 

C% H% N% 
WJ&m 54.84 6.47 10.66 
«jj£ffi 54.83 6.63 10.65 

[0021] The synthetic example 1 (composition of the 2-arhinb -1 and a 3-bis(1, 3-dibenzyl-2- 
GURISEROKISHI) propane (6)) 

10.267g(17.09mmol) 1 and 3^bis(1, 3-dibenzyl-2-GURISEROKISHI)-2-propanol and 4.896g (25.68mmol) p- 
tosyl chloride — pyridine 6.5ml — it mixed in inside and this xnixed liquor was stirred for 17 hours at the 
bottom room temperature of existence of a 0.428g (3.50mmol) dimethylamiho pyridine. Three 40ml N-HCI 
solutions were added at 0 degree C after reaction termination, and the ether extracted 3 times. The 
extracted organic phase was doubled, a saturation sodium-hydrojgencarboriate water solution and salt 
water washed, and vacuum concentration was carried out after desiccation by MgS()4. Thus, 120 degrees 
C was stirred in a sodium azide (3.379g, 51.98mmol) and DMF (20ml) for 5 hours, without refining the 
obtained tosylation object After cooling reaction mixed liquor to a room temperature, water was added, the 
reaction was stopped, and the ether extracted 3 times. The extracted organic phase was doubled, a 
saturation sodium-hydrogencarbonate water solution and salt water washed, by MgS04, after desiccation, 
vacuurh concentration was carried out and the azide was obtained. Next, the ether (20ml) solution of a 
lithium aluminum hydride (1.00g, 26.35mmol) was dropped at 50ml ether solution of the obtained azide at 0 
degree C, and this mixture was stirred at 0 degree C for 3 hours; Ethyl acetate/water was added for the 
reaction, and a stop and obtained suspension were ****(ed). Vacuum concentration of the filtrate was 
carried out after deisiccation by MgS04. The silica gel column chromatography using ethyl acetate/ethanol 
(100/1) as a developing solution refined residue, and the specified substance was obtained as colorless oily 
matter (7.457g, 1 2.43mmol, 73% of yield). Below, the data of IR 1 H-NMR, 13 G-NMR, and ultimate analysis 
are shown. 

[0022] IR : 3380, 3030, 2860, 2360, 1910, 1870, 1810, 1585, 1495, 1455, 1410, 1365, 1310, 1250, 1205, 1100, 
735, 700 or 61 0cm-11 H-NMR (neat) (CDCI3) :delta7.21- 7.35 (m, 20H, aromatic series) and 4.50 (s, and 8H 
and G6H4CH20-) — 3.14 (H[ tt, J= 6.7, 4.9Hz, 1H and]. 2 N-CH-) 3.43-3.74 (m, 14H, and C6H4CH20CH2- 
and C6H4CH20CH2CH-), 1.90 (brs, 2H, and H2-N-) 

1 3C-NMR(CDCI3):delta1 38.1 (aromatic series), 128.3 (aromatic series), 127.7 (aromatic series), 127.5 
(aromatic series), 78.4 (-HC-0-), 73.2 (benzyl), 72.6 (methylene group), 51.3 (H2N-C-) 

ymfttit (C, T H450 fl N) 

C% H% N% 

ftWm 74.10 7.56 2.34 

SUE® 74.18 7. 38 2.34 ? . ' 

[0023] The miadture of the compound (2.852g, 8.31 mmol) of 3N-methy|diethanolamine (2.1ml, 18.29mmol) of 
examples and a formula (2) was stirred for 10 minutes at the room temperature arnong the DMF solution 
(10ml). In this mixture, the compound (5.460g, 9.1 Ommol), the 1 -hydroxy benzotriazol (1.913g, 12.49mmol) ; 
and EDC (1.995g, 10.40mmbl) which were obtained in the synthetic example 1 were added, and it stirred at 
the room temperature for 20 hours; Mixture was discharged in 3 N-HCI (100ml) solution after reaction 
termination, and ethyl acetate extracted the product 3 times. After salt water washed the doubled organic 
phase, it dried by MgS04 and vacuum concentration of the solvent was carried out The short silica gel 
column chromatography which used chlproform/methariol (30/1) as a developing solution refined the 
obtained rough products and the specified substance (7) was obtained. 

[0024] It stirrpd at the room temperature under the hydrogen ambient atmosphere for 37 hours under 
existence of Pd(OH)2^C (2.50g) which made the solution which dissolved the compound (7) obtained in the 
example 4 example 3 into ethanol 40ml and a HCI water solution (12 Ns, 2ml) suspend, after reaction 
termination and a law -— the specified substance was obtained by the method The obtained rough product 
was refined by HPLC ("Shim-pack'' (a trade name, Shlmadzu make), PREP-QDS, 20.0mmx25cm, 5ml/min., 
a methanol/water = it develops by one ninth), and specified substance (5)i.32ig (3.068mmol) was obtained 
as a white solid-state. Yield was 37%. 

[0025] As for the obtained compound, it was checked by IR, 1 H-NMR, 13 C-NMR, and elemental analysis 
that it is the structure of a formula (5). Below, the data of IR, 1 H-NMR, 13 C-NMR, and ultimate analysis 
are shown. 

[0026] IR(KBr): 3360, 2875, 2360, 1655, 1560, 1480, 1435, 1350, 1110, 1 075 and 820, 665cm-1 1 H-NMR 
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(D20):defta7.65 (d, J= 7.4Hz, 2H, -B-C(CHCH) 2C-), 7.20 (d, J= 7.4Hz, 2H, -B-C(CHCH) 2G-), 3.95 (ND- 
CH[ m. 1H, and H 3.73-3.69 (m, 15H, D2 N-CH-COND- -CH2-Q-x1, -CH2-0-x5, -CH-0-x3), 3.11 (dd 
J= 10,1, 5.9Hz, 1H, and -CH2-0-), 2.90 (d, J= 13.2, 5.6Hz, 1H, and -BC6H4-CH2-), 2.82 (d, J= 13 2 9 0Hz 
1H, and -BC6H4-CH2-) 

13C-NMR(CDCI3):delta — 175.6,138.8,133.7,128.8,127.0, 80.9, 68.6, 67.8, 60.5, 60.4, 60.2, 56.0. and 49 — 0 
TcSfiMff (Ci i Hi» Os Ni * l -' B. (Hi O) -t. db ) 

C% ii% H% 

ft&m 52.55 7.10 6.81 



[0027] obtaining — 1 having had — a compound -r- (— one ; — ) (BPA (OH)) — and — ( — five — ) — ( — 
BPA — ( — OH — ) — four — ) — a room temperature — it can set — water solubility — cytotoxicity 
(survival rate of a cell) — a cell — incorporation — BPA — Japanese Patent Application No — five - 
221048 — having proposed — BPA — - (— OH — ) — two — having compared . 

[0028] Ten daily doses of a water-soluble boron compound were added to pure water, mixture was stirred 
at 20 degrees C for 12 hours, and the saturated solution of each boron compound was obtained. The 
insoluble boron compound was ****(ed) with the membrane filter, and asked for the concentration of the 
boron atom of each saturated solution using ICP-AES. Each trial was repeated 3 times and performed. A 
value is shown as an average 6f**S.E. A result is shown in Table 1. 
[0029] 
[Table 1] 



;BPAM*& 


7m&m <m. 


BPA 


7. 7±0. 1X1 0"' 


BPA (OH) 


6. o±q. ixi.o 1 


BPA (OH) s 


6. 6 ± 0 . 1X1 O' 1 


BPA (OH) , 


1. 2±0. 0 5 



[0030] Cytotoxicity (survival rate of a cell) 

The cytotoxicity over the B-16 melanoma cell (B-1 6) of each BPA derivative and a TIG-1 -20Fibroblast 
cell (a Homo sapiens embryo lung normal cell, TIG) is shown in Table 2. Eagle-MEM (10% ***^***) was 
used for cell culture liquid, and each boron compound (70micromol) was dissolved in 7rril culture medium, 
obtained mixture was ****(ed) through the membrane filter, arid it sterilized. Filtrate (3ml) and the 
suspension culture liquid (1x105 cells / ml, 1ml) of a cell were added into the Falcpn3002 culture plate 
(diameter of 60mm), and it diluted with this medium so that the concentration of a boron compound might 
be set to 1.5x1 0-2M. Suspension was cultivated for three days at 37 degrees C under 5% carbon-dioxide 
ambient atmosphere. The supernatant of suspension was removed, the cell which remains was processed 
by the trypsin, arid the number of survival cells was measured. The observed value was **(ed) by the 



and 40.1 



52.85 6. 93 



6.82 
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B F Ap?Sff 


m & & («) 


B — 1* 6 


TIG | 




1 0 0 ± 3 


1 0 0 ± 3 


d r A 


2 0 ± 1 


2 0 ± 1 


B F A VvJH,} 


0 U I Z - 


D D x ^ 




6 0±2 


7 1 ±2 


BPA (OH) « 


6 2 ±2 


7 3 ±2 



[0032] Cell incorporation nature, next the permeability to the cell of each boron compound were performed 
using the ICP7AES method. B-1 6 cell was cultivated by 3025 dishes (diameter of 1 50mm) of Falcon(s), and 
the number of cells when a cell grows up to be a saturation state 80% was counted (5.0x106 cell / pan). 
One dish was used for the control test (boron compound free-lancer). 2mM ** of each BPA derivative was 
added to these pans, and 3 and a 1 2 or 24-hour cell were' cultivated under 37 degrees C and 5% carbon- 
dioxide existence. It is the residual cell after removing the supernatant of suspension 3 times calciurn-Mg — 
Free phosphoric acid buffer solution [PBS (-)] washed, and it gathered up with the gummous policeman, 
dissolved by 7ml of 60%H0lO4 water solution / 30%H2O2 solutions, and decomposed at 70 degrees C for 1 
hour. After ****(ing) with a membrane filter (Millipore (Millipore), 0.22 micrometers), boron concentration 
was decided by ICP-AES (the Shimadzu make, IQP-1 000-111). The boron concentration of a control test 
Was deducted from the boron concentration of the cell of each pan. The procedure with the same said of 
the case of TlG-1 -20 cell was used. A value is repeatedly shown for each trial as an average of**S.E. 3 
times. In addition, since the solubility was low about the BPA itself, concentration was adjusted to 2mM(s) 
using BPA-HCI. A result is shown in drawing 1 . 

[0033] Boron incorporation nature is increasing with the passage of time regardless of the class of a cell 
and boron derivative so that drawing 1 may show. Ceil incorporation of BPA(OH) n by the B-1 6 melanoma 
cell is larger than a TIG normal cell also in which time amount. It is thought that this observation is 
reflecting the fact that B-1 6 is a cancer cell and TIG is a kind of a normal cell and that growth of B.-1 6 is 
quicker than TIG, 

[0034] The cell incorporation in 24 hours is shown in drawing 2 . With the water-soluble increment in BPA 
(OH) n, boron incorporation nature is concerned with B-1 6 melanoma and TIG embryo pheumocyte, and is 
decreasing that there is nothing. It is observed from drawing 2 that there is selectivity of cell incorporation 
nature, and, as for the boron incorporation ratio to the TIG cell of B-1 6 cell, the way in BPA (OH)4 is large 
rather than the case of BPA clearly. 

[0035] Drawing 3 shows the water solubility of BPA(OH) h, and the relation between the boron 
incorporatipn ratios to the TIG cell of B^16 cell. This is an effective result from the selection incorporation 
by the cancer cell being strengthened with a water-soluble increment . 

[0036] Direct contrast of a cell incorporation (intracellular mol concentration of BPA(OH) n) and a cell 
survival rate in 24 hours is shown in drawing 4 (as opposed to B-1 6), and drawing 5 (as opposed to TIG). It 
is thought that a correlation is between the increment in the hydrophilic property of a compound and a 
cytotoxic fall since cell incorporation is decreasing based on the increment in a hydrophilic property. 
[0037] ' 

[Effect of the Invention] As explained above, since the new BPA derivative expressed with the formula (1) 
of this invention and (5) shows a waterr*spluble value far higher than BPA and has high selectivity to a 
cancer cell, it is a compound useful to heutrpri capture therapy. 



[Translation done.] 
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